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Introduction 
In this paper, I briefly examine the conceptual basis for restoration ecology by examining what is  meant by 
ecological  restoration.  I  then  discuss  the  extension  of site-based  restoration  to  broader  landscape-level 
restoration. 
What is Ecological Restoration? 
The term "ecological restoration" covers a wide range of activities involved with the repair of damaged or 
degraded ecosystems, and is usually carried out for one of the following reasons: 
1. To restore highly disturbed, but localized sites, such as mine sites. 
2. To improve productive capability in degraded production lands. 
3. To enhance nature conservation values in protected landscapes. 
4. To restore ecological processes over broad landscape-scale or regional areas. 
Ecological restoration occurs along a continuum from the rebuilding of totally devastated sites,  to 
the limited management of relatively unmodified sites (Hobbs and Hopkins,  1990). The specific  goals  of 
restoration and the techniques  used will  obviously differ between these different cases.  In  general terms, 
however,  restoration  aims  to  return  the  degraded  system  to  some  form  of cover  which  is  protective, 
productive, aesthetically pleasing,  or valuable in a conservation sense (Hobbs and Norton, 1996). A further 
tacit aim is to develop a system which is sustainable in the long term. Within these broad general aims, more 
specific  goals  are  required  to  guide  the  restoration  process.  Ecosystem  characteristics  which  may  be 
considered when setting restoration goals include (from Hobbs and Norton 1996): 
1. Composition: species present and their relative abundances 
2. Structure: vertical arrangement of vegetation and soil components (living and dead) 
3. Pattern: horizontal arrangement of system components 
4. Heterogeneity: a complex variable made up of components 1-3. 
5. Function: performance of basic ecological processes (energy, water, nutrient transfers) 
6. Species interactions: includes pollination, seed dispersal etc. 
7. Dynamics and resilience: succession and state-transition processes, recovery from disturbance 
This set of characteristics is  complex, and often individual components are considered as  primary 
goals.  For instance, restoration of a minesite may  aim to  replace the complement of plant species present 
prior to disturbance, while other situations may have the restoration of particular ecosystem functions  as  a 
primary  aim  (e.g.  bioremediation  of eutrophication  in  lakes,  or  the  manipulation  of vegetation cover  to 
modify water use).  ' 
Unfortunately, restoration goals are often poorly defined,  or stated in general terms relating to the 
return of the system to some pre-existing condition. The definition of the characteristics of this condition has 
proved problematic, since it assumes a static situation. Ecologists increasingly consider that natural systems 
are dynamic,  that they  may exhibit alternative (meta-)stable states,  and that the definition of what is  the 
"natural" ecosystem in any given area may be difficult. Indeed, the concept of "naturalness" has itself been 
the  subject  of much  recent  debate,  especially  in  relation  to  landscapes  with  long  histories  of human 
habitation. 
Landscape-Scale Restoration 
Most of the information and methodologies on ecological restoration centre on individual sites.  However, 
site-based restoration has to be placed in a .broader context, and is often insufficient on its own to deal with 
large-scale restoration problems.  Landscape- or regional-scale processes  are often either responsible for 
ecosystem degradation at particular sites, or alternatively have to be restored to achieve restoration goals. 
Hence restoration is often needed both within particular sites and at a broader landscape scale. How are we 
then  to  go  about  restoration  at  a  landscape  scale?  What  are  the  relevant  aims?  Which  landscape 
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I characteristics can we modify to reach these aims, and do we know enough to be able to confidently make 
recommendations on priorities and techniques? 
There are a  number of steps  in the development of a  programme of landscape-scale restoration, 
which can be outlined as follows: 
1.  Assess whether there is a problem that requires attention: for instance, 
(a)  changes in biotic assemblages (e.g. species loss or decline, invasion) 
(b)  changes in landscape flows (e.g. species movement, water and/or nutrient fluxes) 
(c)  changes in aesthetic or amenity value (e.g. decline in favoured landscape types) 
2.  Determine the causes of the perceived problem: for instance, 
(a)  removal and fragmentation of native vegetation 
(b)  changes in pattern and abundance of vegetation/landscape types 
(c)  cessation of historic management regimes 
3.  Determine realistic goals for restoration: for instance, 
(a)  retention of existing biota and prevention of further loss 
(b)  slowing or reversal of land or water degradation processes 
(c)  maintenance or improvement of productive potential 
(d)  integrated solutions tackling multiple goals 
4.  Develop cost-effective planning and management tools for achieving agreed goals: 
(a)  determining priorities for action in different landscape types and conditions 
(b)  spatially-explicit solutions 
(c)  acceptance and "ownership" by managers and landholders 
(d)  an adaptive approach that allows course corrections when necessary. 
This  short list hides  a  wealth of detail,  uncertainty and science yet to be done.  For instance,  the initial 
assessment of whether there  is  a  problem or not requires  the availability of a  set of readily  measurable 
indicators  of landscape  "condition" or "health".  Central elements  of ecosystem health  are  the  system's 
vigour (or activity, production), organization (or the diversity and number of interactions between system 
components) and resilience (the system's capacity to maintain structure and function in the presence of stress 
(Rapport et al.  1998).  There have also been recent  attempts  to develop  a  set of measures  of landscape 
condition (Aronson and Le Floc'h, 1996). 
Once  a  problem has  been perceived,  the  correct  diagnosis  of its  cause  and  prescription  of an 
effective treatment is  by no means simple.  The assumption underlying landscape ecology is that landscape 
processes are in  some way related to landscape patterns. Hence, by determining the relationship between 
pattern and process, one is better able to predict what will happen to the processes in which one is interested 
(biotic movement, metapopulation dynamics, system flows etc) if the pattern of the landscape is  altered in 
particular ways.  Thus, we are becoming increasingly confident that we can, for instance, predict the degree 
of connectivity in a landscape from the proportion of the landscape in different cover types. As proportion of 
a  particular cover types  decreases,  a  threshold value is  reached at which connectivity rapidly  decreases. 
Similarly, as landscapes become more fragmented, a greater proportion of the biota drops out, and there may 
be thresholds or breakpoints where relatively large numbers of species drop out.  The question of restoration 
thresholds is an important one that deserves further consideration in terms of guiding restoration efforts. 
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